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(57) Apparatus for forming a tubular casing within a subterranean formation including a pre-existing wellbore 
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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application is a conta'nuation-in-part of U.S. utility application serial nunnt)er 
09/454,139. attorney docket ninnber 25791.3.02, filed on 12/3/1999, which claimed the 
5 benefit of the filing date of U.S. provlstonal patent application serial number 

60/1 1 1 ,293. attorney docket number 25791 .3. filed on 12/7/1998. the disdosures of 
which are incorporated herein by refierence. 

This application is related to the following: (1) U.S. patent application serial no. 
09/454.139, attorney docket no. 25791.03.02. filed on 12/3/1999. (2) U.S. patent 

1 0 application serial no. 09/51 0.91 3, attorney docket no. 25791 7.02. filed on 2/23/2000. 
(3) U.S. patent application serial no. 09/502.350. attorney docket no. 25791.8.02. filed 
on 2/10/2000. (4) U.S. patent application serial no. 09/440.338, attorney docket no. 
25791 .9.02, filed on 11/15/1 999. (5) U.S. patent application serial no. 09/523.460. 
attorney docket no. 25791 .1 1 .02. filed on 3/10/2000. (6) U.S. patent applicatton serial 

15 no. 09/512.895. attomey docket no. 25791. 1Z02, filed on 2/24/2000, (7) U.S. patent 
applteation serial no. 09/51 1 .941 , attomey docket no. 25791 .16.02. filed on 2/24/2000. 
(8) U.S. patent appiicatton serial no. 09/588.946, attomey docket no. 25791 .17.02, filed 
on 6/7/2000. (9) U.S. patent application serial no. 09/559.122, attomey docket no. 
25791 .23.02. filed on 4/26/2000. (10) PCT patent application serial no. 

20 PCT/USOQ/18635, attomey docket no. 25791.25.02. filed on 7/9/20Q0. (11) U.S. 

provisional patent application serial no. 60/162.671. attomey docket no. 25791.27. filed 
on 11/1/1999. (12) U.S. provistonal patent application serial no. 60/154.047. attomey 
docket no. 25791.29. filed on 9/16/1999. (13) U.S. provistonal patent application serial 
no. 60/159.082, attomey docket no. 25791.34, filed on 10/12/1999. (14) U.S. 

25 provisionai patent application serial no. 60/1 59.039. attomey docket no. 25791 .36. filed 
on 10/12/1999. (15) U.S. provistonal patent application serial no. 60/159.033, attomey 
docket no. 25791.37, fitod on 10/12/1999, (16) U.S. provisional patent application serial 
no. 60/212.359, attomey docket no. 25791.38, fitod on 6/19/2000. (17) U.S. provisional 
patent appTication serial no. 60/165.228. attomey docket no. 25791.39, filed on 

30 11/12/1999. (IB) U.S. provisional patent ap(riicati<m serial no. 60/221,443. attomey 
docket no. 25791 .45. filed on 7^8/2000. (19) U.S. provistonal patent application serial 
no. 60^1 .645. attomey docket no. 25791 .46. fitod on 7/28/2000. (20) U.S. provisional 
patent appltoation serial no. 60/233.638. attomey docket no. 25791.47. filed on 
9/18/2000, (21) U.S. provtetonal patent application serial no. 60/237.334. attomey 

35 docket .no. 25791 .48. filed on 10^/2000, and (22) U.S. provtotonal patent application 



serial no. 60^2.434. attorney docket no. 25791.51. filed on 1/17/2001. ttte disclosures 
of which are Incorporated herein by reference. 

Background of the Invention 

This invention relates generally to wellbore casings, and In particular to weiibore 
casings that are formed using expandable tubing. 

ConventkMially. when a yveUbcre is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole viali and to prevent undesired outflow 
of drilling fluM Into the fomiation or inftow of fluid from the fbmwtton Into the borehole. 
The borehole Is drilled in Intervals whereby a casing which is to be installed in a lower 
borehole interval is kMvered through a previously installed casing of an upper borehole 
inten«l. As a consequence of this procedure the casing of the lower interval is of 
smaller diameter than the casing of the upper intenral. Thus, the casings are in a 
nested anwigement with casing diameters decreasing in downward direction. Cement 
annufi are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the t>orehole wall. As a consequence of this nested arrangement 
a relatively large borehole diameter is required at the upper part of the wellbore. Such 
a large borehole diameter involves inoeased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and driU cutBngs. 
Moreover, increased drilling rig time is involved due to required cement pumping, 
cement hardening, required equipment changes due to large variattons in hole 
diameters drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the limitattons of 
the existing procedures for fcmning new secUonS of casing in a wellbore. 

Summary of the Inventton 

According to one aspect of the present InventkMi, an apparatus for fomiing a 
weiibore casing in a borehole kxated in a subtenanean formation including a 
preexisting wellbore casing is provided that includes a support member including a firet 
fluid passage, an expanston cone coupled to the support member including a second 
fluid passage fluMidy coupled to the firet fluid passage, an expandable tubular liner 
movabiy coupled to the expansion cone, and an expandable shoe coupled to the 
expandable tubular liner. 

According to another aspect of the present invention, a shoe is provided that 
Includes an upper annular portion, an intamiediate annular portion, and a k>wer annular 
portion. The intermediate annular portion has an outer circumference that is larger 
than the outer drcumferenoes of the upper and lower annular portions. 
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According to another aspect of the present invention, a method of fbmning a 
welibore casing In a subterranean formation having a preexisting wellbore casing 
positioned In a borehole is provided that includes installing a tubular liner, an expansion 
cone, and a shoe In the borehole, radially expanding at least a portion of the shoe by 
5 injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by Injecbng a fluidic material Into the borehole below the expansion cone. 

According to another aspect of the present inyiantion, an apparatus for forming , 
a wellbore casing in a subterranean formation having a preexisting wellbore casing 
positioned in a borehole Is provided that includes means for installing a tubular liner/^o^ 
1 0 expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner 

According to another aspect of the present Invention, an apparatus for forming 
a wellbore casing within a subterranean formation including a preexisting wellbore 

1 5 casing positioned In a borehole Is provided that Includes a tubular liner, and means for 
radially expanding and coupling the tubular liner to an overiapping portion of the 
preexisting wellbore casing. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overlapping portion of the 
preexisting wellbore casing. 

20 According to another aspect of the present invention, a welibore casing 

positioned in a borehole within a siAtemanean formation is provided that includes a first 
wellbore casing, and a second welibore casing coupled to and overiapping with the first 
wellbore casing. The secorxl wellbore casing is coupled to the first wellbore casing by 
the process of: Installing the second wellbore casing, an expansion cone, and a shoe in 

25 the txxehole, radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe, and radially expanding at least a portion of the second v^llbore 
casing by Injecting a fluidic material into the borehole below the expansion cone * 

According to another aspect of the present invention, a method of forming a 
tubular structure in a subterranean formation having a preexisting tubular member 

30 positioned in a borehole is provided that Includes installing a tutHJiar liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular liner by injecting a fluidic material into the borehole below the expansion cone. 
According to another aspect of the present invention, an apparatus for forming 

35 a tubular structure in a sutitenranean formation having a preexisting tubular member 
positioned in a borehole is provided that includes means for instalilng a tubular liner, an 
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expansion cone, and a shoe in the borehole, nr^eans for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present invention, an apparatus for forming 

5 a tubular structure within a subterranean fcmnation including a preexisting tubular 

member positioned in a borehole is provided that includes a ^bular liner and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting tubular member. The inside diameter of ttie radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overlapping portion of the 

10 preexisting tubular member. 

According to anotiier aspect of the present invention, a tubular structure 
positioned in a borehole within a subterranean fomnation is provided that includes a first 
tubular memt>er and a second tubular memt>er coupled to and overlapping virith the first 
tubular member. The second tubular member is coupled to tt)e first tubular member by 

15 the process of: installing ttte secoruj tubular member^ an expansion cone, and a shoe 
in the borehole, radially expanding at least a portion of ttie shoe by injecting a fluidic 
material into the shoe, and radially expanding at least a portion of the second tubular 
member by injecting a fluidic material into the borehole below the expansion cone. 

Brief Description of the Drawings 

20 FIG. 1 is a fragmentary cross-sectional view illustrating ttie drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating tt>e placement of an 
emt)odiment of an apparatus for creating a mono-diameter wellbore casing within the 
new section of the well borehole of FIG. 1 . 

25 FIG. 2a is a cross-secHonal view of a portion of tire shoe of the apparatus of 

FIG, 2. 

FIG. 2b is a cross-sectional view of anotiier portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2c is a cross-sectional view of anotiier porticm of tt)e shoe of the apparatus 
30 of FIG. 2. 

FIG. 2d is a cross-sectional view of anotiier portion of ti^e shoe of the apparatus 
of FIG. 2. 

FIG. 2e is a cross-sectional view of a portion of tiie shoe of ttie apparatus of 
FIG. 2c. 



FIG. 3 Is a fragmentary cross-sectional view illustrating the injection of a 
hardenable fluidic sealing material through the apparatus and into the new section of 
the well borehole of FIG. 2. 

FIG. 3a is a cross-sectional view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 3a. 

FIG. 4 is a fragmentary cross-sectional view illustrating the Injection of a fluidic 
material into the apparatus of FIG. 3 in order to fluldicly isolate the interior of the shoe, 
1 0 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG, 5 is a cross-sectional view illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sectional view illustratir^ the lowering of the expandable 
expansion cone into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-sectional view illustrating the expansion of the expandable 
expansion cone of tiie apparatus of FIG. 6. 
20 FIG. 8 is a cross-sectional view illustrating the injection of fluidic material into 

the radially expanded shoe of the apparatus of FIG. 7. 

FIG. 9 Is a cross-sectional view illustrating the completion of the radial 
expansion of the expandable tubular nDember of the apparatus of FIG. 8. 

FIG. 10 is a cross-sectional view illustrating the removal of the t>ottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 is a cross-sectional view illustrating the ftxmation of a nrK)no-diameter 
weHbors casing that includes a f^urality of overlapping nnorKxIiameter wellbore 
casings. 

FIG. 12 is a fragmentary cross-sectional view illustrating the placement of an 
30 alternative embodiment of an apparatus for creating a mono-diameter wellbore casing 
within the wellbore of FIG. 1 . 

FIG. 12a is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 12. 

FIG. 12b is a cross-sectional view of a portion of the shoe of the apparatus of 
35 FIG. 1Z 
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FIG. 1 2c is a cross-sectional view of another portion of the shoe of the 
apparatus of FIG. 1Z 

FIG. 1 2d is a cross-sectional view of another portion of the shoe of the 
apparatus of FIG. 12. 
5 FIG. 1 3 is a fragnientary cross-sectional view illustrating the injection of a 

hardenable fluidic sealing material through the apparatus and into the new section of 
the well borehole of FIG. 12. 

FIG. 13d is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

1 0 FIG. 1 4 is a fragmentary cross^cUonat view illustrating the Injection of a fluidic 

material into the apparatus of FIG. 13 in order to fluidicly isolate the Interior of the shoe. 

FIG. 14a Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 1 5 is a cross-sectional view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

FIG. 16 is a cross-sectional view illustrating the lowering of the expandable 
expansion cone into the radiaUy expanded shoe of the apparatus of FIG. 15. 

FIG. 17 is a cross-secHonal view illustrating the expansion of the expandable 
expansion cone of the apparatus of FIG. 1 6. 
20 FIG. 1 8 is a cross-sedicmal view illustrating the injection of fluidic nnaterial into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 Is a cross-sectional view illustrating the contptetion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 18. 

FIG. 20 is a cross-sectional view illustrating the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 19. 

Detailed Description of the Hlustrative Embodiments 
Referring initially to FIGS. 1 . 2, 2a. 2b, 2c 2d, 2e, 3. 3a. 3b, 4. 4a, 4b, and 5- 
1 0, an embodiment of an apparatus and method for forming a monoKllameter wellbore 
casing within a subterranean fbmiation will now be described. As illi^trated in Fig. 1 , a 
30 wellbore 100 is positioned in a subterranean formation 105. The wellbore 100 includes 
a pre-existing cased section 110 having a tubular casing 1 15 and an annular outer 
layer 120 of a fluidic seating material such as, for example, cement The wellbore 100 
may be positioned In any orientation from vertical to horizontal. In several altemaUve 
embodiments, the preexisting cased section 110 does not Include the annular outer 
35 layer 120. 



In order to extend the wellbore 100 into the subtenanean fonmation 105, a drill 
string 125 Is used In a well known manner to drill out nnaterial from the subterranean 
formation 105 to fbnn a new wellbore section 1 30. In a preferred embodiment, the 
inside dianr^ter of the new wellbore section 1 30 is greater than the inside dianrteter of 
5 the preexisting wellbore casing 115. 

As illustrated in FIGS. 2, 2a, 2b, 2c 2d. and 2e, an apparatus 200 for forming a 
wellbore casing in a subterranean fomnatton is then positioned in the new section 1 30 
of the wellbore 100. The apparatus 200 preferably includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 210 that Includes a lower 
10 portion 210a, an intennediate portion 210b, an upper portion 21 Oc. and an upper end 
portion 21 Od. 

The expansbn cone 205 may be any number of conventional commercially 
available expansion cones. In several alternative embodiments, the expansion cone 
205 may be controtlably expandable in the radial direction, for example, as disclosed in 

15 U.S. patent nos. 5,348,095, and/or 6,012,523, the dtedosures of which are 
incorporated herein by reference. 

The tubular member 210 may be feibricated from any number of conventional 
commercially available materials such as, for example, Oilfield Country Tubular Goods 
(OCTG), 13 chromium steel tubing/casing, or plastic tubing/casing, in a prefemed 

20 embodiment, the tubular member 21 0 Is fabricated from OCTG in order to maximize 
strength after expansion. In several altenrative embodintents, the tubular member 210 
may be solid and/or stotted. For typical tubular member 210 materials, the length of 
the tubular member 21 0 is preferably limited to between about 40 to 20,000 feet in 
length. 

25 The lower portion 210a of the tubular member 210 preferably has a larger 

inside diameter than the upper portion 21 Oc of the tubular member. In a preferred 
embodiment, the wall thickness of the intermediate portion 210b of the tubular member 
201 is less than the wall thickness of the upper portton 210c of the tubular niember in 
order to fadiitate the initiation of the radial expansion process. In a preferred 

30 embodiment, the upper end portion 21 Od of the tubular member 21 0 is slotted, 

perforated, or otherwise rrxxilfled to catch or slow down the expanston cone 205 when 
it completes the extrusion of tubuter member 210. In a prefenned embodiment, wall 
thickness of the upper end portion 21 Od of the tubular memt>er 210 is gradually tapered 
in order to gradually reduce the required radial expansion forces during the latter 

35 stages of the radial expansbn process. In this manrier, shock toading cortditions 
during the latter stages of the radial expansion process are at least minimized. 



A shoe 215 is coupled to the lower portion 210a offte tubular member. The 
shoe 215 includes an upper portim 215a, an Intemnediate portion 215b, and lower 
portion 215c having a valveable fluid passage 220 that is preferably adapted to receive 
a plug, dart, or other similar element for controllabty sealing the fluid passage 220. In 
5 this manner, the fluid passage 220 may be optimally sealed off by introducing a plug, 
dart and/or ball sealing elements into the fluid passage 220. 

The upper and lower portions, 215a and 215c, of the shoe 215 are preferably 
substantially tubular, arid the intemtedlate portion 215b of the shoe Is preferably at 
least partially folded inwardly. Furtherimwe, in a preferred embodiment, when the 

10 intemnediate portion 215b of the shoe 215 ts unfolded by the application of fluid 

pressure to the interior region 230 of the shoe, the inside and outside diameters of the 
intemrmiiate portion are prsferably both greater than the Inside and outside diameters 
of the upper and lower portions, 215a and 21 5a In this manner, the outer 
drcuniference of the Intermediate portion 215b of the shoe 215 is prefe 

1 S than the outside circumferences of the upper and lower portions, 21 5a and 21 5b, of the 
shoe. 

In a prefenred embodiment, the shoe 215 further includes one or more through 
and side outlet ports in fiuidic communication with the fluid passage 220. in this 
manner, the shoe 215 optimally injects hardenable fiuidic sealing material into the 

20 region outside the shoe 21 5 and tubular member 210. 

In an altemative embodiment, the flow passage 220 Is omitted. 
A support member 225 having fluid passages 225a and 225b is coupled to the 
expansion cone 205 for supporting the apparatus 200. The fluid passage 225a is 
preferably fluididy coupled to the fluid passage 205a. In this manner, fiuidic materials 

25 may be conveyed to and from the region 230 below the expansion cone 205 and above 
the bottom of the shoe 215. Tbe fluid passage 225b is preferably fluididy coupled to 
the fluid passage 225a and Indudes a conventional control valve. In this manner, 
during placement of the apparatus 200 within the weilbore 100, surge pressures can be 
relieved by the fluid passage 225b. In a preferred embodiment, the support member 

30 225 further indudes one or more conventional centralizers (not illustrated) to help 
stabilize the apparatus 200. 

During placement of the apparatus 200 within the weilbore 100, the fluid 
passage 225a is preferably selected to transport materials such as, for example, drilling 
mud or formation fluids at flow rates and pressures ranging from at>out 0 to 3,000 

35 gallons/hrinute and 0 to 9,000 psi In order to minimize drag on the tubular member 
being mn and to minimize surge pressures exerted on the weilbore 130 which could 
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cause a loss of wellbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the wellbore 100. the fluid passage 225b is preferably selected to 
convey fluidic materials at flow rates and pressures ranging from about 0 to 3,000 
gallons/minute and 0 to 9,000 psi In order to reduce the drag on the apparatus 200 

5 during insertion into the new section 130 of the wellbore 100 and to minimize surge 
pressures on the new wellbore section 1 30. 

A cup seal 235 is coupled to and supported by the support member 225. The 
cup seal 235 prevents foreign materials from entering the interior region of the tubular 
member 21 0 adjacent to the expansion cone 205. The cup seal 235 may be any 

10 number of conventional commercially available cup seals such as, for example* TP 
cups, or Selective injection Packer (SIP) cups modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the cup seal 235 is a 
SIP cup seal, available from Halliburton Energy Services In Dallas, TX In order to 
optinriaily block foreign nnaterial and contain a body of lubricant in several alternative 

15 embodiments, the cup seal 235 may include a plurality of cup seals. 

One or mora sealing members 240 are preferably coupled to and supported by 
the exterior surfeca of the upper end portk>n 21 Od of the tubular member 210. The 
sealing members 240 preferably provide an overlapping joint between the lower end 
portion 11 5a of the casing 1 15 and the upper end portion 21 Od of the tubular member 

20 21 0. The sealing members 240 may be any number of ^v^ntlonal comrnerdally 
avatlat)le seals such as, for example, lead, rubber, Teflorj^ or epoxy seats modified in 
accordance with the teachings of the present disclosure, in a preferred embodiment, 
the sealing members 240 are molded from Stratalock epoxy available from Halliburton 
Energy Services In Dallas, TX in order to optimally provide a k>ad bearing interference 

25 fit between the upper end portion 210d of the tubular member 210 and the lower end 
portion 1 15a of the exteting casing 115. 

In a preferred embodiment, the sealing members 240 are selected to optimally 
provide a sufficient frictional force to support the expanded tubular member 210 from 
the existing casing 115. in a preferred embodiment, the fricUonal force optimally 

30 provkled by the sefaling members 240 ranges from about 1 ,000 to 1 ,000,000 Ibf In 
order to optimally support the expanded tubular member 21 0. 

in an altemative embodiment, the sealing members 240 are omitted firom the 
upper end portion 21 Od of the tubular nr^mber 210, and a load bearing metal-to-metal 
interference fit is provkted between upper end portion of the tubular nr>ember and the 

35 lower end portkm 1 1 5a of the existing casing 1 1 5 by plastically defining and radially 
expanding the tubular member into contact with the existing casing. 
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In a preferred ernbodiment, a quantity of lubricant 245 is provided in the annular 
region above the expansion cone 205 within the interior of the tubular member 210. In 
this manner, the extrusion of the tubular member 210 off of the expansion cone 205 Is 
fecilitated. The lubricant 245 may be any number of conventional commerdaily 



5 available lubricants such as, for example, Lubriptat^ chkSrine based lubricants, oil 
based lubricants or ainnax 1500 Antisieze (3100). In a prsferred embodiment the 
lubricant 245 is Climax 1 500 Antisieze (3100) available from Qimax Lubricants and 
Equipnnent Co. in Houston, TX in order to optimally provide optimum lubrication to 
facilitate the expansion process. 

10 In a preferred emt)odinnent, the support member 225 is thoroughly cleaned prior 

to assembly to the remaining portions of the apparatus 200. In this manner, the 
intrcxiuction of foreign material Into the apparatus 200 is minimized. This minimizes the 
possibility of foreign material dogging the various flow passages and yalves of the 
apparati^ 200. 

15 In a preferred embodinDent, before or after positiOTing the apparatus 200 within 

the fWN section 1 30 of the welibore 1 00, a couple of welibore volunnes are droulated In 
order to ensure that no foreign materials are located within the welibore 100 that might 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign material interferes the expansion process. 

20 As illustrated in FIGS. 2 and 2e, in a preferred embodinDent, during placement 

of the apparatus 200 within the welibore 100, fluldic materials 250 within the welibore 
that are displaced by the apparatus are at least partially conveyed through the fluid 
passages 220, 205a, 225a, and 225b. In this manner, surge pressures created by the 
placement of the apparatus within the welibore 100 are reduced. 

25 As illustrated in FIGS. 3, 3a, and 3b, the fluid passage 225b is then dosed and 

a hardenable fluidic sealing material 255 is then pumped from a surfece location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior regbn 230 of the shoe 215 below the expansion cone 
205. The material 255 then passes from the interior region 230 into ttie fluid passage 

30 220. The material 255 then exits the apparatus 200 and fills an annular region 260 
between the exterior of the tubular member 210 and the interior wall of the new section 
1 30 of the welibore 1 00. Continued pumping of the material 255 causes the material to 
fill up at least a portion of the annular regton 260. 



35 and flow rates ranging, for example, from about 0 to 5(K}0 psi and 0 to 1 ;500 

gaitons/min. respecHvely. The optimum flow rate and operating pressures vary as a 




The material 255 is preferably pumped into the annujar region 260 at pressures 
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function of the casing and wellbore sizes, wellbore section length, available pumping 
equipment, and fluid properties of the fluidic material t>eing pumped. The optimum flow 
rate and operating pressure are preferably determined usirig conventional empirical 
methods. 

5 The hardenable fluidic sealing material 255 may be any number of conventional 

commercially available hardenable fluidic sealing materials such as, for example. slag 
mbc cement, latex or epoxy. In a preferred embodiment the hardenable fluidic sealing 
material 255 is a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services in Dallas. TX in order to provide optimal 

1 0 support for tubular member 21 0 while also maintaining optimum flow characteristics so 
as to minimize difficulties during the displacement of cement in the annular region 260, 
The optimum blend of the blended cement is preferably detenmined using conventional 
empirical mettiods. In several alternative embodiments, tt)e hardenable fluidic sealing 
material 255 is compressible before, during, or after curing. 

1 5 The annular region 260 preferably is filled witi) ttte material 255 in suffident 

quantities to ensure ttiat, upon radial expansion of tite tubular member 210, the annular 
region 260 of the new section 130 of Uie wellbore 100 will be filled with the material 
255. 

in an altemative embodiment, ttie irtjection of the material 255 irito the annular 
20 region 260 is omitted, or is provided after the radial expansion of the tubular memt>er 
210. 

As illustrated in FIGS. 4, 4a, and 4b, once tt>e annular region 260 has been 
adequately filled wKh \he material 255, a plug 265, or ottier similar device, is introduced 
into ttie fluid passage 220, thereby fluididy isolating ttie interior region 230 from the 

25 annular region 260. In a preferred embodiment a non4)ardenable fluidic material 270 
is then pumped into the interior region 230 causing tiie intertor region to pressurize. In 
this manner, the interior region 230 of the expanded tubular member 210 will not 
contain significant amounts of the cur^ material 255. This also reduces and simplifies 
the cost of the entire process. Attematively, the material 255 may t>e used during this 

30 phase of the process. 

As illustrated in FIG. 5, in a preferred embodiment, the continued Injection of 
the fluidic material 270 pressurizes ttie region 230 and unfolds the intermediate portion 
215b of the shoe 215. In a preferred embodiment, ttie CHJtslde diameter of tiie unfolded 
Intermediate portion 215b of the shoe 215 is greater ttian ttie outside diameter of the 

35 upper and lower portions, 215a and 215b. of ttie shoe. In a prefemed embodiment, tiie 
inside and outside diameters of the unfolded intermediate portion 215b of the shoe 215 
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are greater than the inside and outside diameters, respectively, of the upper and lower 
portions. 215a and 215b, of the shoe. In a preferred embodiment the inside diameter 
of the unfolded intermediate portion 215b of the shoe 215 is substantially equal to or 
greater than the inside dianneter of the preexisting casing 1 15 in order to optimally 

5 facilitate the fomnation of a mono-diameter wellbore casing. 

As illustrated in FIG. 6. in a preferred embodiment, the expansion cone 205 is 
then lowered into the unfolded Intermediate portion 215b of the shoe 215. In a 
preferred embodiment, the expansion oone 205 is lowered into the unfolded 
intennedlate portion 21 5b of the shoe 21 5 until the bottom of the expansion oone is 

10 proximate the lower portion 215c of ttie shoe 215. In a preferred embodiment, during 
the lowering of the expansion cone 205 Irrto the unfolded intermediate portion 215b of 
the shoe 21 5, the material 255 within the annular region 260 and/or the bottom of the 
wellbore section 130 maintains the shoe 215 in a substantially stationary position. 
As illustrated in FIG. 7, in a preferred embodiment, the outside dianr^ter of the 

15 expansion cone 205 is then increased. In a preferred embodimerrt, the outside 
diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095, and/or 6,012,523, the disclosures of which are incorporate herein by 
reference. In a prefened embodiment, the outside diameter of the radially expanded 
expansion oone 205 Is substantially equal to the inside diameter of the preexisting 

20 wellbore casing 115. 

In an alternative embodiment, the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 21 5 prior to being radially expanded. In this 
manner, the upper portion 210c of the shoe 210 may be radially expanded by ttie radial 
expansion of the expansion cone 205. 

25 In another altemative emtxxliment, the expansion cone 205 is not radially 

expanded. 

As Illustrated in FIG. 8, In a preferred iombodlment, a fluidic material 275 is ttien 
injected into the region 230 through the fluid passages 225a and 205a. In a preferred 
embodiment, once ttie interior region 230 becomes suffictentiy pressurized, the upper 

30 portion 21 5a of the shoe 21 5 and the tubular member 21 0 are preferably plastically 
deformed, radially expanded, and extruded off of ttie expansion cone 205. 
Furthenmore, in a preferred embodiment, during tiie end of the radial expansion 
process, the upper portion 21 Od of the tubular merriber and Vhe lower portion of the 
preexisting casing 1 15 that overtap with one anott>er are simultaneously plastically 

35 deformed and radially expanded. In this manner, a rrono-diameter wellbore casing 
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may be formed that includes the preexisting wellbore casing 1 15 and the radially 
expanded tubular member 21 0. 

During the extmsion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a prefenred embodiment, during the 
5 extrusion process, the expansion cone 205 Is raised at approximately the same rate as 
the tubular member 210 is expanded in order to keep the tubular member 210 
stationary relative to the new wellbore section 130. In this manner, an overiapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 1 1 5 may be optimally fomned. In an alternative preferred 

10 embodiment, the expansion cone 205 is maintained in a stationary position during the 
extrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and into the new wellborB action 1 30 under the force of gravity 
and the operating pressure of the interior region 230. 

In a prefenred embodiment, when the upper end portion 21 Od of the tubular 

15 member 210 and the lower portion of the preexisting casing 1 15 that overlap witti one 
another are plastically defbnmed and radially expanded by ttte e)^n8ion cone 205, the 
expansion cone 205 Is displaoed out of ttie wellbore 100 by botti the operating 
pressure wtthin ttie region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

20 The overiapping Joint between the lower portion of \he preexisting casing 115 

and the radially expanded tubular member 210 preferably provides a gaseous and 
fluidic seal. In a particuteirty preferred embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal in ttie overiapping joint in an alternative 
embodiment, the sealing rriemt)ers 245 are omitted. 

25 in a preferred embodiment, the operating pressure and flow rate of the fluidic 

material 275 Is controllably ramped down when tt)e expansion cone 205 reaches the 
upper end portion 21 Od of the tubular member 210. In ttiis manner, the sudden release 
of pressure caused by ttie complete extrusion of tt^ tubular member 210 off of ttie 
expansion cone 205 can be minimteed. In a prefened embodiment, the operating 

30 pressure is reduced In a sut>stantially linear fashk)n ftom 100% to about 10% during 
ttie end of ttie extrusion process beginning when the expansion cone 205 Is within 
about 5 feet from completion of the extrusion process. 

Alternatively, or in combination, the wall ttiidcness of the upper end portion 
210d of ttie tubular member is tapered in order to gradually reduce the required 

35 operating pressure for plastically defbmiing and radially expanding the upper end 
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portion of the tubular member. In this manner, shock loading of the apparatus Is at 
least reduced. 

Altematively, or In combination, a shock absorber is provided in the support 
member 225 in order to absorb the shock caused by the sudden release of pressure. 
5 The shock absorber may comprise, for example, any conventtonal oommerdally 
available shock absort>er, bumper sub, or Jars adapted for use in wellbore operations. 

Altematively, or in combination, an expansion cone catching stmcture is 
provkled in the upper end portion 21 Od of the tubular member 210 in order to catch or 
at least decelerate the expansion cone 205. 
10 In a preferred embodiment, the apparatus 200 Is adapted to minimize tensile, 

burst and friction effects upon the tubular member 210 during the expanston process. 
These effiects will be depend upon the geometry of the expansion cone 205, the 
material composition of the tubular member 210 and expansion cone 205, the inner 
diameter of the tubular member 21 0, the wall thickness of the tubular member 21 0, the 
1 5 type of lubricant, and the yield strength of the tubular member 210. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
strength of the tubular member 210, then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205. 

For typical tubular members 210, the extrusion of the tubular member 210 off of 
20 the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psi. 

During the extruston process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular memt>er 210 at rates ranging, for example, from atx)ut 
0 to 5 ft/sec. In a preferred emt>odiment, during the extrusion process, the expansion 
25 cone 205 Is rais^ out of the exparKled portton of the tubular member 210 at rates 

ranging from about 0 to 2 fl^sec in order to minimize the time required for the expansion 
process while also permitting easy control of the expansk)n process. 

As illustrated In FIG. 9. once the extrusion process Is completed, the expansion 
cone 205 is removed from the wellbore 100. In a preferred embodiment, either before 
30 or after the rerriovai of the expansion cone 205. the integrity of the fiuidic seal of the 
overlapping Joint between the upper end portk>n 21 Od of the tubular nienrA>er 210 and 
the lower end portton 1 15a of the preexisting wellbore casing 1 15 is tested using 
conventional methods. 

In a preferred emtXKjtment, if the fluMic seal of the overtapping Joint l>etween 
35 the upper end portion 21 Od of the tubular member 210 and the kywer end portion 1 1 5a 
of the casing 1 1 5 is satisbctory, then any uncured portton of the material 255 within the 



expanded tubular member 210 is then removed in a conventional manner such as, for 
example, circulating the uncured material out of the interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the wellbore section 130 
and a drill bit or mill is used in combination with a conventional drilling assembly to drill 
5 out any hardened material 255 within the tubular member 21 0. In a preferred 
embodiment, the naterial 255 within the annular region 260 is then allowed to fully 
cure. 

As illustrated in FIG. 10, the bottom portion 215c of the shoe 215 may Vhm\ be 
removed by drilling out the bottom portion of the shoe using conventional drilling 

10 methods. The wellbore 100 may then be extended in a conventional manner using a 
conventional drilling assembly. In a preferred emb<Kliment the inside diameter of ttie 
extended portion of ttie wellbore 100 is greater than the inside dianrteter of the radially 
expanded shoe 215. 

As illustrated In FIG. 11, ttie method of FIGS. 1-10 may be repeatedly 

1 5 perfbmned in order to provide a nwno-diameter wellbore casing that includes 

overlapping wellbore casings 115 and 210a-210e. The wellbore casing 115, and 210a- 
21 Oe preferably include outer annular layers of fluidic seating material. AKematively, 
ttie outer annular layers of fluidic sealing material may be miitted. In this manner, a 
mono-diameter wellbore casing may t>e formed within the subterranean formation that 

20 extends for tens of ttiousands of feet. More generally still, the teachings of FIGS. 1-1 1 
may be used to form a mono-diameter wellbore casing, a pipeline, a structural support 
or a tunnel wtthin a subtenanean formation at any orientation from tiie vertical to ttie 
horizontal. 

In a preferred embodiment, the formation of a mono-diamidter wellbore casing, 
25 as illustrated in FIGS. 1-1 1 , is further provided as disclosed In one or nKxe of the 

following: (1) U.S. patent application serial no. 09/454,139. attorney docket no. 

25791.03.02, filed on 12/3/1999. (2) U.S. patent application serial no. 09/510,913. 

attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 

no. 09/502.350, attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
30 application serial no. 09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/15/1999. 

(5) U.S. patent application serial no. 09/523,460. attorney docket no. 25791.11.02, filed 

on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 

25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941. 

attorney docket no. 25791.16.02. filed on 2/24/2000, (8) U.S. patent application serial 
35 no. 09/588,946. attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 

application serial no. 09^59.122, attorney docket no. 25791.23.02, filed on 4/28/2000, 



16 



(10) PCT patent application serial no. PCT/USOO/18635, attorney docket no. 
25791 .25.02, filed on 7/9/2000, (1 1 ) U.S. provteional patent application serial no. 
60/162,671. attorney docket no. 25791.27, filed on 11/1/1999. (12) U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791.29, fil^ on 

5 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 
docket no. 25791.34, filed on 10/12/1999, (14) U.S. pn3vislonal patent applicatk>n serial 
no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
proN^sional patent applicatkm serial no. 60/159,033, attorney docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provisional patent application serial no. 60/212,359, attorney 

10 docket no. 25791 .38. filed on 6/19/2000, (17) U.S. provisional patent applicdtlon serial 
no. 60/165,228, attorney docket no. 25791.39, filed on 11/12/1999, (18) U.S. 
provistonal patent application serial no. 60/221,443, attorney docket no. 25791.45, filed 
on 7/28/2000, (19) U.S. provistonal patent application serial no. 60/221,645, attorney 
docket no. 25791 .46, filed m 7/28/2000, (20) U.S. provfstonal patent application serial 

15 no. 60/233,638, attorney docket no. 25791.47, filed on 9/18/2000. (21) U.S. provisional 
patent application serial no. 60/237,334, attorney docket no. 25791.48, filed on 
10/2/2000. and (22) U.S. provisional patent application serial no. 60/262,434, attorney 
docket no. 25791 .51 , filed on 1/17/2001 , the discbsures of which are incorporated 
herein by reference. 

20 Refening to FIGS. 12, 12a, 12b, 12c, and 12d, in an alternative embodiment, an 

apparatus 300 for fonnlng a monoKiiameter wellbore casing is positioned wittiin ttie 
wellbore casing 1 15 that Is substentialty identical in design and operation to the 
apparatus 200 except that a shoe 305 is substitaJted for the shoe 21 5. 

In a prefened embodiment, tiie shoe 305 includes an upper portion 305a. an 

25 intemfiedlate portion 305b, and a lower portion 305c having a vatveable fluid passage 
310 that is preferably adapted to receive a plug, dart, or otiier similar element for 
controHably sealing the fluM passage 310. in ttiis manner, the fluid passage 310 may 
be optimally sealed off by introducing a plug, dart and/or ball sealing elements into the 
flukJ passage 310. 

30 The upper and lower portions, 305a and 305c, of the shoe 305 are preferably 

substentially tubular, and tiie intermediate portion 305b of the shoe Includes 
oorrugattons 305ba-305bh. Furtiiermore, in a prefenred embodiment, when the 
Interm^iate portion 305b of tite shoe 305 is radially expanded by the application of 
fluid pressure to the Intertor 315 of the shoe 305, the inside and outeide diameters of 

35 the radially expanded intennediate portion are preferably both greater than ttie Inside 
and outskJe diameters of ttie upper and tower portions, 305a and 305a In tiiis manner. 



the outer circumference of the intermediate portion 305b of the shoe 305 Is preferably 
greater than the outer circumferences of the upper and lower portions, 305a and 305c. 
of the shoe. 

In a prefenBd emt>odiment. the shoe 305 further Include one or more through 
5 and side outlet ports in flufdic communication with the fluid passage 310. In this 
manner, the shoe 305 optimally injects hardenable fiuidic sealing material into the 
region outside the shoe 305 land tubuiar member 21 0. 

In an alternative embodiment, the flow passage 310 omitted. 

In a preferred embodiment, as illustrated In FIGS. 12 and 12d, during 
1 0 piacement of the apparatus 300 within the wellbore 1 00, fiuidic materials 250 within the 
weilbore that are displaced by the apparatus are conveyed through the fluid passages 
310, 205a, 225a, and 225b. In this manner, surge pressures created by the placement 
of the apparatus within the wellbore 1 00 are reduced. 

In a preferred embodiment, as illustrate in FIG. 13 and 13a. the fluid passage 
15 225b is then closed and a hardenable fiuidic sealing material 255 to then pumped from 
a surface location Into the fluid passages 225a and 205a. The material 255 then 
passes from the fluid passage :^5a into the interior region 31 5 of the shoe 305 below 
the expansion cone 205. The material 255 then passes from the interior region 315 
into the fluid passage 310. The material 255 then exits the apparatus 300 and fiite the 
20 annuiar region 260 between the exterior of the tubular member 21 0 and the interior wall 
of the new section 130 of the wellbore 100. Continued pumping of the material 255 
causes the material to fill up at least a portion of the annular region 260. 

The material 255 is preferat)ty pumped into the annular region 260 at (mssures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1,500 
25 gallons/min. respectively. The optimum flow rate and operating pressures vary as a 
function of the casing and v^llborie sizes, wellbore secUpn length, available pumping 
equipment, and fluid properties of the fiuidic material being pumped. The optimum flow 
rate and operating pressure are preferably determined using conventional empirical 
methods. 

30 The hardenable fiuidic sealing material 255 may be any number of conventkmai 

commerdaliy available hardenable fiuidic sealing materials such as, for example, slag 
mbc, cement, latex or epoxy. In a prefemed embodiment, the hardenable fiuidic sealing 
material 255 is a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 

35 support for tubular member 21 0 while also maintaining optimum fbw characteristics so 
as to minimize difficulties during the dlspiaoement of cement in the annuiar region 260. 
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The optimum blend of the blended cement is preferably determined using conventional 
empirical methods. In several altemative embodiments, the hardenable fluidic sealing 
material 255 is oomprassible before, during, or after curing. 

The annular region 260 preferably Is filled with the material 255 In sufRdent 
5 quantities to ensure that, upon radial expar^ston of the tubular member 210, the annular 
region 260 of the new section 130 of the wellbore 100 will be filled with the material 
255. 

In an altemative embodiment, the injection of the material 255 into the annular 
region 260 is omitted. 

10 As illustrated in FIGS. 14 and 14a, once the annular region 260 has been 

adequately filled with the material 255, a plug 265, or other similar device, is introduced 
Into the fluid passage 310, thersby fluidiciy isolating the interior region 315 from the 
annular regton 260. In a praferred embodiment, a nor>-hardenable fluidic material 270 
is then pumped into the Interior region 315 causing the interior region to pressurize. In 

1 5 this manner, the interior region 31 5 will not contain significant anrK>unts of the cured 
material 255. This also reduces and simplifies the cost of the entire process. 
Alternatively, the rrmterial 255 may be used during this phase of the process. 

As illustrated In FIG. 15, in a preferred embodiment, the continued injection of 
the fluidtc material 270 pressurizes the region 315 and unfolds the corrugations 305ba- 

20 305bh of the intenmediate portion 305b of the shoe 305. In a preferred embodiment, 
the outside diameter of the unfolded intermediate portion 305b of the shoe 305 
greater than the outside diameter of the upper and lower portions, 305a and 305b, of 
the shoe. In a preferrad embodiment, the inside and outeide diameters of the unfolded 
intemnediate portion 305b of the shoe 305 are greater than the inside and outside 

25 diameters, respectively, of the upper and lower portions, 305a and 305b, of the shoe. 
In a preferred embodiment, the inside diameter of the unfolded intemnediate portion 
305b of the shoe 305 substantially equal to or greater than the inside diamet^ of the 
preexisting casing 305 in order to optimize the formation of a morK>-diameter wellbore 
casing. 

30 As illustrated in FIG. 16, in a prefenned embodiment, the expansion cone 205 is 

then lowered Into the unfolded Intennediate portion 305b of the shoe 305. In a 
preferred embodiment, the expansion cone 205 is lowered into the unfolded 
Intermediate portion 305b of the shoe 305 until thB bottom of the expansion cone is 
proximate the lower portion 305c of the shoe 305. In a prefenned embodiment, durir^ 

35 the lowering of the expansion cone 205 into the unfolded intenmediate portion 305b of 
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the shoe 305. the material 255 within the annular region 260 maintains the shoe 305 in 
a substantially stationary position. 

As illustrated in FIG. 17, in a prefemed embodiment, the outside diameter of the 
expansion cone 205 is then increased. In a preferred embodiment, the outside 
5 diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095, and/or 6.012,523, the disclosures of which are incorporate herein by 
reference. In a prefenred embodiment the outside diameter of the radially expanded 
expansion cone 205 Is substantially equal to the inside diameter of the preexisting 
wellbore casing 115. 

10 In an alternative embodiment, the expansion cone 205 is not lowered into the 

radially expanded portion of the shoe 305 prior to being radially expanded, in this 
manner, the upper portion 305c of the shoe 305 may t>e radially expanded by the radial 
expansion of the expansion cone 205. 

In another alternative embodiment, the expar^lon cone 205 is not radially 

15 expanded. 

As Illustrated In FIG. 18, in a preferred embodiment, a fluidic material 275 is 
then Injected Into the region 31 5 through the fluid passages ^Sa and 205a. In a 
preferred embodiment, once the interior region 315 becomes sufRdentty pressurized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 

20 plastically deformed, radially expanded, and extnided off of the exparaion cone 205. 
Furthennore. In a preferred embodiment during tiie end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of tiie 
preexisting casing 1 15 that overiap with one another are simultaneously plastically 
deformed and radially expand^. In this manner, a mono-diameter wellbore casing 

25 may be fbnned that includes the preexisting wellbore casing 1 1 5 and the radially 
expanded tubular member 210. 

During the extruston process, the expansion cone 205 may be raised out of ttie 
expanded portion of the tutnjiar member 210. In a preferred embodiment during the 
extrusion process, the expansion cone 205 is raised at approximately the same rate as 

30 the tubular nrtember 21 0 is expanded in order to Icmp ttie tubular member 21 0 

stationary relative to the new wellt)ore section 130. In this manner, an overiapping joint 
t>etween the radially expanded tubular rTtemt>er 210 and the lower portion of the 
preexisting casing 115 may be optimally formed. In an alternative prefened 
embodiment the expansion cone 205 is maintained in a stationary position during the 

35 extrusion process theretyy allowing the tubular member 21 0 to extrude off of the 
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expansion cone 205 and into the new wellbore section 130 under the force of gravity 
and the operating pressure of the interior region 230. 

In a prefenred embodiment, when the upper end portion 21 Od of the tubular 
memt)er 21 0 and the lower portion of the preexisting casing 115 that overlap with one 
5 another are plastically deformed and radially expanded by the expansion cone 205, the 
expansion cone 205 is displaced out of the wellbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

The overlapping Joint between the lower portion of the preexisting casing 115 
10 and the radially expanded tubular nftemt>er 210 preferably provides a gaseous and 
fluidic seal. In a particularly preferred embodiment, the sealing members 245 optimally 
provide a fluidic and gaseous seal in the overlapping JotnL In an alternative 
embodiment the sealing members 245 are omitted. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
1 5 material 275 is controlldbly ramped down when the expansion cone 205 reaches the 
upper end portion 21 Od of the tubular member 210. In this manner, the sudden release 
of pressure caused by the cx>mplete extrusion of the tubular m^t>er 210 off of the 
expansion oone 205 can be minimized. In a prefen^d embodiment, the operating 
pressure is reduced in a substantially linear fashlm from 100% to about 10% during 
20 the end of the extrusion process beginning when the expansion cone 205 is within 
about 5 feet from completion of the extrusion process. 

Altematfvely, or in oombirtation. the wall thickness of the upper end portion 
21 Od of the tubular member Is tapered in order to gradually reduce the required 
operating pressure for plastically defomning and radially exparKlIng the upper end 
25 portion of the tubular memt)er. In this manner, shock loading of the apparatus may be 
at least partially minimized. 

Alternatively, or in combination, a shock absort)er is provided in the support 
memt>er 225 in order to atisorb the shock caused by the sudden release of pressure. 
The shock at>sort>er may comprise, for example, any conventtonal commercially 
30 available shock absorber adapted for use in wellbore opmtk>ns. 

Alternatively, or in combination, an expar^ion oone catching structure is 
provided in the upper end portiori 21 Od of the tubular member 210 in order to catch or 
at least decelerate the expanston cone 205. 

In a preferred emtxxilment, the apparatus 200 is adapted to minimize tensile, 
35 burst, and friction effects upon the tubular member 210 during the expansion process. 
These effects will be depend upon the geometry of the expansion cone 205, the 



.material composrtton of the tubular memt}er 210 and expansion cone 205. the inner 
diameter of the tubular member 210. the wall thickness of the tubular member 210, the 
type of lubricant, and the yield strength of the tubular member 21 0. In general, the 
thicker the wall thickness, the smaller the inner dimeter, and the greater the yield 
5 strength of the tubular member 21 0, then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansion cone 205. 

For typical tubular members 210, the extrusion of the tubular member 210 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psi. 

10 Durir^ the extrusion process, the expansion cone 205 may be raised out of the 

expanded portion of the tubular member 210 at rates ranging, for example, from at)out 
0 to 5 fVsec In a prefened embodiment, during the extrusion process, the expansion 
cone 205 is raised out of the expanded portion of the tubular member 21 0 at rates 
ranging from about 0 to 2 ft/sec in order to minimize the time required for the expansion 

15 process while also penmttting easy control of the expanston process. 

As illustrated in FIG. 19, once the extrusion process is completed, the 
expansion cone 205 is removed from the wellbore 100. In a preferred embodiment, 
either before or after the renrK>vai of the expansion cone 205, the integrity of the fluidte 
seal of the overlapping Joint between the upper end portton 21 Od of the tubular member 

20 21 0 and the lower end portion 1 1 5a of the preexisting wellbore casing 1 1 5 is tested 
using oonventional methods. 

In a preferred enrtbodiment, if the fiuidic seal of the overlapping Joint between 
the upper end portion 21 Od of the tubular member 210 and the lower end portion 1 1 5a 
of the casing 1 1S is satistactory, then any uncured portton of the nnaterlal 255 within the 

25 expanded tubular member 210 is then removed In a oonventtonal manner such as, for 
example, drculating the uncured material out of the interior of the expanded tubular 
member 21 0. The expansion cone 205 is then pulled out of the wellbore section 1 30 
and a drill bit or mill is used in combination with a conventional drilling assembly to drill 
out any hardened material 255 within the tubular member 21 0. In a preferred 

30 embodiment, the material 255 within the annular region 260 is then alk>wed to fully 
cure. 

As illustrated In FIG. 20, the bottom portion 305c of the shoe 305 may then be 
renrK)ved by drilling out the bottom portion of the shoe using conventional drilling 
methods. The wellbore lOOmay then be extended in a oonventkmal manner using a 
35 conventional drilling assembly. In a preferred embodiment, the inskie diameter of the 
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extended portion of the wellbore is greater than the inside diameter of the radially 
expanded shoe 305. 

The niethod of FIGS. 12-20 may be repeatedly performed in order to provide a 
mono-diameter wellbore casing that includes overlapping wellbore casings. The 

5 overlapping wellbore casing preferably include outer annular layers of fiuidic sealing 
material. Altematively , the outer annular layers of fiuidic sealing material may be 
omitted. In this manner, a OKHio-dtameter wellbore casing may be formed within the 
subterranean formation that extends for tens of thousands of feet. More generally still, 
the teachings of FIGS. 12-20 may be used to form a mono-diameter wellbore casing, a 

10 pipeline, a structural support, or a tunnel within a subterranean formation at any 
orientation from the vertical to the horizontal. 

In a preferred embodiment, the fonnation of a nKmo-diametor wellbore casing, 
as illustrated in FIGS. 1 2-20, is further provided as disclosed in one or more of the 
following: (1 ) U.S. patent application serial no. 09/454,139, attorney docket no. 

15 25791.03.02, filed on 12/3/1999. (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial 
no. 09/502,350, attonney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 
appHcatton serial no. 09/440.338, attorney docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed 

20 on 3/10/2000. (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000. (7) U.S. patent applicattoh serial no. 09/511,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial 
no. 09/588,946, attorney docket no. 25791.17.02. filed on 6/7/2000, (9) U.S. patent 
applicatton serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, 

25 (10) PCT patent appHcatton serial no. PCT/USOQ/18635, attorney docket no. 
25791 .25.02, filed on 7/9/2000, (1 1 ) U.S. provistonal patent appHcatton serial no. 
60/162,671, attorney docket no. 25791.27. filed on 11/1/1999, (12) U.S. provistonal 
patent appHcatton serial no. 60/154,047, attorney docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, attorney 

30 docket no. 25791.34, filed on 10/12/1999, (14) U.S. provistonal patent application serial 
no. 60/159,039, attorney docket no. 25791.36, fitod on 10/12/1999. (15) U.S. 
provtetonal patent application serial no. 60/159,033. attorney docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provisional patent appHcatton serial no. 60/212.359, attorney 
docket rK>. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial 

35 no. 60/165.228, attorney docket no. 25791.39. filed on 11/12/1999, (18) U.S. 

provistonal patent application serial no. 60/221,443, attomey docket nd. 25791.45, filed 
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on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221 ,645, attorney 
docket no. 25791 .46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,636, attorney docket no. 25791 .47, filed on 9/18/2000, (21 ) U.S. provisional 
patent application serial no. 60/237,334, attorney docket no. 25791.48, filed on 
5 10^2000, and (22) U.S. provisional patent application sertel no. 60/262,434, attorney 
docket no. 25791.51, filed on 1/17/2001, the disck>sures of which are incorporated 
herein by reference. 

In several alternative embodiments, ttie apparatus 200 and 300 are used to 
fonfn and/or repair wellbore casings, pipelines, and/or stmctural supports. 

10 In several alternative embodiments, the folded geometries of the shoes 21 5 and 

305 are provkied in accordance with the teachings of U.S. Patent Nos. 5,425,559 
and/or 5,794,702, the disclosures of which are incorporated herein by reference. 

An apparatus for fonming a wellbore casing in a borehole located in a 
subterranean fomnation including a preexisting wellbore casing has been described that 

1 5 includes a support member Including a first fluid passage, an expansion cone coupled 
to ttie support merTd>er including a second fluid passage fluidity coupled to the first 
fluid passage, an expandable titular liner movably coupled to the expansion cone, and 
an expandable shoe coupled to ttie expandable tubular liner. In a prefenred 
embodiment, the expansion cone is expandable. In a preferred embodiment, the 

20 expandable shoe includes a vatveable fluM passage for controlling the flow of fluklic 
materials out of the expandable shoe. In a preferred embodiment, the expandable 
shoe includes: an expandable portk)n and a renriaining portk)n, wherein the outer 
circumference of ttie expandable portion is greater ttian ttie outer drcumference of the 
remaining portion. In a preferred embodiment ttie expandable portion includes: one or 

25 more inward folds. In a prefenred embodiment, ttie expandable portion includes: one or 
more comigations. In a preferred embodmnent, ttie expandable shoe includes: one or 
more Inward folds, in a preferred embodiment, ttie expandable shoe includes: one or 
moTB corrugations. 

A shoe has also t>een described that includes an upper annular portion, an 

30 intermediate annular portion, and a lower annular portion, wherein the intermediate 

annular portion has an outer drcumference that is larger than ttie outer drcumferenoes 
of the upper and lower annular portions. In a preferred embodiment the lower annular 
portion indudes a valveable flukJ passage for controlling the flow of fluidic materials out 
of the shoe. In a prefenred emtxxliment the intermediate portion indudes one or more 

35 inward foMs. In a preferred embodiment the intermediate portion Indudes one or more 
corrugations. 



24 



A method of forming a wellbore casing in a subterranean fonfnation having a 
preexisting wellbore casing positioned in a bc^Bhole has also been described that 
includes installing a tubular liner, an expansion cone, and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecting a fluidic material into the 

5 shoe, and radially expanding at least a portion of the tubutar liner by injecting a fluidic 
material Into the borehole below the expanston cone. In a preferred embodiment, the 
method further includes radially expanding the expansion cone. In a preferred 
embodiment, the method further includes lowering the expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 

10 preferred embodiment, the method further includes radially expartding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole below 
the radially expanded expansion cone. In a preferred embodiment, the method further 
includes injecting a hardenable fluidic sealing material Into an annulus t>etween the 
tubular liner and the borehole. In a preferred embodiment, the method further includes 

15 radially expanding at least a portion of the preexisting wellbore casing. In a preferred 
embodiment, the rmthod further includes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting wellbore casing, in a preferred 
embodiment, the inside diameter of the radially expanded tubular ilrier is substantially 
equal to the Inside diameter of a nonovertapping portion of the preexisting wellbore 

20 casing. In a preferred embodiment, the method further includes applying an axial force 
to the expansion cone. In a preferred embodiment the inside diameter of the radially 
expanded shoe Is greater than or equal to the inside diameter of the radially expanded 
tubular liner. 

An apparatus for forming a wellbore c^ing in a subtenBnean formation having 
25 a preexisting wellbore casing positioned in a borehole has also been described that 
includes means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the bjbular liner. In a jxeferred emt)odiment, the 
apparatus fiffther includes means for radially expandlrtg the expansion cone, in a 
30 prefen^ embodiment, the apparatus further includes means for lowering the 

expansion cone Into the radially expanded portion of the shoe, and means for radially 
expar>dlng the expansion oone. In a preferrM embodiment, the apparatus further 
Includes means for injecting a fluidic material into the borehole below the radially 
expanded expansion corie. In a preferred embodiment, the apparatus further includes 
35 means for injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole, in a preferred embodiment, the apparatus furtfier 
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includes means for radially expanding at least a portion of the preexisting wellbore 
casing. In a preferred embodinr^t. the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting welit)ore casing. In a preferred embodinnent, the inside dianneter of the 
5 radially expanded tubular liner Is substantially equal to the inside diameter of a 

nonisfveriapping portion of the preexisting wellbore casing. In a preferred embodiment, 
the apparatus further Includes means for applying an axial force to the expansion cone. 
In a preferred embodimmt, the inside diameter of the radially expanded shoe Is greater 
than or equal to the Inside diameter of the radially expanded tubular liner. 

10 An apparatus for forming a wellbore casing within a subterranean fomiatlon 

including a preexisting wellbore casing positioned In a borehole has also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overiapping portion of the preexisting wellbore casing. The 
inside diameter of the radially expanded tubular liner is substantially equal to the inside 

1 5 diameter of a non-overlapping portion of the preexisting wellbore casing. 

A wellbore casing positioned in a borehole within a subterranean formation has 
also been described that includes a first wellbore casing and a second wellbore casing 
coupled to and overiapping with the first wellbore casing, wherein the second wellbore 
casing is coupled to the first wellbore casing by the process of: installing the second 

20 wellbore casing, an expansion cone, and a shoe In the borehole, radially expanding at 
least a portion of the shoe by Injecting a fluidic material Into the shoe, and radially 
expanding at least a portion of the second wellbore casing by injecting a fluidic material 
into the borehole below the expansion cone. In a preferred embodiment, the process 
for forming the wellbore casing further Includes radially exparKiing the expansion cone. 

25 In a prelened embodiment, the process for forming the wellbore casing further includes 
towering the expansion cone into the radially expanded portion of the shoe, and radially 
expanding the expansion cone. In a preferred embodiment, the process for forming the 
wellbore casir^ further includes radially expanding at least a portion of the shoe and 
the secOTd wellbore casing by injecting a fluidic material Into the borehole below the 

30 radially expanded expansion cone. In a preferred embodinnent, the process for forming 
the wellbore casing further Includes injecting a hardenable fluidic sealing material into 
an annulus between the secorKi wellt)ore caslr>g and the t>orehole. In a preferred 
embodiment, the process for forming the welltx>re casing further includes radially 
expanding at least a portion of the first wellbore casing. In a preferred embodiment, 

35 the process for fonming the wellbore casing further includes overlapping a portion of the 
radially expanded second wellbore casing with a portion of the first wellbore casing. In 
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a preferred embodiment, the ir^ide diameter of the radially expanded second wellbore 
casing is substantially equal to the Inside diameter of a nonoverlapplng portion of the 
first wellbore casing. In a prefened embodiment, the proc^ for forming the wellbore 
casing further Includes applying an axial force to the expansion cone. In a preferred 

5 embodiment, the inside diameter of the radially expanded shoe is greater than or equal 
to the inside diameter of the radially expanded second wellbore casing. 

A metNxi of forming a tubular structure in a subterranean formation having a 
preexisting tubular member pc^ittoned In a torehole has ateo been described that 
Includes installing a tubular liner, an expansion cone, and a shoe In the borehole, 

10 nadiaily expanding at least a portion of the shoe by injecting a fluidic material into the 
shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material Into the borehole below the expansion cone, in a preferred embodiment, the 
method further includes radially expanding the expansion cone. In a preferred 
embodiment, the method further includes lowering the expansion cone into the radially 

15 expanded portton of the shoe, and radially expanding the expansion cone. In a 

prefened embodiment, the rmthod further Includes radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole below 
the radially expanded expansion cone. In a preferred embodlnrant, the method further 
Includes injecting a hardenable fluidic sealing material Into an annulus between the 

20 tubular liner and the borehole. In a preferred embodiment, the method further includes 
radially expanding at least a portion of the preexisting tubular member. In a prefened 
embodiment, the method further includes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting tubular member. In a preferred 
en>bodiment, the inside diameter of the radially expanded tubular liner is substantially 

25 equal to the inside divneter of a nonoverlapplng portion of the preexisting tubular 
member. In a preferred embodiment, the method further includes applying an axial 
force to the expansion cone. In a prefened embodiment, the inside diameter of the 
radially expanded shoe is greater than or equal to the inside diameter of the radially 
expanded tobular liner. 

30 ^ An apparatus for fbnning a tubular structure in a subterranean fonnation having 
a preexisting tubular member positioned in a borehole has also been described tfiat 
Includes means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radteiliy expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular liner. In a preferred embodiment, the 

35 apparatus further includes nrieans for radially expanding the expansion cone. In a 
preferred embodiment, the apparatus further includes means for lowering the 
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expansion cone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a preferred embodiment, the apparatus further 
Includes means for injecting a fluidic mat^al Into the borehole below the radially 
expanded expansion cone. In a prefenned embcxliment the apparatus further includes 

5 means for Injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a preferred embodiment, the apparatus further 
includes means for radially expanding at least a portion of the preexisting tubular 
member. In a preferred emtKxJinnent, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 

10 preexisting tubular member. In a preferred embodiment, the inside diameter of the 
radially expanded tubular liner is substantially equal to the inside diameter of a 
nonoverlapping portion of the preexisting tubular memt>er. In a preferred embodiment, 
the apparatus further Includes means for applying an axial force to the expansion cone. 
In a preferred embodiment, the inside diameter of the radially expanded shoe Is greater 

15 than or equal to the inside diameter of the radially expanded tubular liner. 

An apparatus for forming a tubular structure within a subterranean formation 
including a preexisting tubular member positioned in a t>orehole has also been 
descr1t>ed that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting tubular member. The 

20 inside diameter of the radially expanded tubular liner is substantially equal to the inside 
dianrieter of a non-overlapping portion of the preexistirig tubular nriembe^^ 

A tubular structure petitioned in a borehole within a subterranean fonmation has 
also t>een desolbed that includes a first tubular member and a second tubular member 
coupled to and overlapping with the first tubular member, wherein the second tubular 

25 member is coupled to the first tubular member by the process of: installing the second 
tutHJiar memt)er, an expansion cone, and a shoe in the t>orehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radiaUy 
expanding at least a portion of the second tid>ular member by injecting a fluklic material 
into the borehole below the expansion cone. In a preferred enibodiment, the process 

30 for forming the tubular structure further includes radially expanding the expanston cone. 
In a preferred emtxxliment, the process for forming the tubular structure further 
includes lowering the expansion cone into the radially expanded portion of the shoe, 
and radially expanding the expansion cone. In a preferred embodiment, the process 
for forming the tubular structure further includes radially expanding at least a portion of 

35 the shoe and the second tubular rnember by injecting a fluidic material into the 

borehole below the radially expanded expansion cone. In a preferred embodiment the 
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process for forming the tubular structure further includes injecting a hardenable fluidic 
sealing material into an annulus between the second tubular nnember and the borehole. 
In a prefenred embodiment the process for forming the tubular structure further 
includes radially expanding at least a portion of the first tubular member. In a preferred 

5 embodiment, the process for fbmiing the tubular structure further includes overlapping 
a portion of the radially expanded second tubular member witti a portion of the first 
tubular member. In a prefenred embodiment, the inside diameter of the radially 
expanded second tubular member is substantially equal to the inside diameter of a 
nonovertapping portion of the first tubular nr>ember. In a preferred embodinDent, the 

1 0 process for forming the tubular structure further includes applying an axial force to the 
expansion cone. In a preferred embodinDent, the inside diameter of the radially 
expanded shoe is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Although illustrative embodinients of the invention have been shown and 

15 described, a wide range of modification, changes and substitution is contemplated in 
the foregoing disclosure. In some instances, some feature of the present invention 
may be employed without a corresponding use of the other features. Accordingly, it is 
appropriate that the append^ claims be construed broadly and in a manrrar consistent 
with the scope of the invention. 



20 
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1 . An apparatus for forming a wellbore casing within a subtenranean formation 
including a preexisting wellbore casing positioned in a borehole, comprising: 

5 a tubular iiner, and 

means for radially expanding and coupling the tubular liner to an overiapping 
portion of the preexisting wellbore casing; 

wherein the inside diameter of the radially expanded tubular iiner is equal to the 
inside diameter of a non-overlapping portion of the preexisting wellbore casing. 

10 

2. An apparatus for formlrtg a tubular structure within a subterranean fbnnation 
including a preexisting tubular member positioned in a borehole, comprising: 

a tubular linen and 
means for radially expanding and coupling the tubular liner to an overiapping 
15 portion of the preexisting tubular member; 

wherein the inside diameter of the radially expanded tubular iiner is equal to the 
inside diameter of a non-overlapping portion of the preexisting tubular member. 
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Clalrr^ 

1 . An apparatis for forming a wellbore casing in a borehole located in a 
subterranean formation Including a preexisting wellbore casing, comprising: 

5 a support member Including a first fluid passage; 

an expansion cone coupled to the support member Including a second fluid 

passage flutdidy coupled to the first fluid passage; 
ah expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of dairh 1 , wherein the expansion cone is expandable. 

3. The apparatus of dalm 1 , wherein the expandable shoe includes a vatveable fluid 
passage for controlling the flow of fluldic materials out of the expandable shoe. 

15 

4. The apparatus of dalm 1 . wherein the expandable shoe indixles: 
an expandable portion; and 

a rennainlrtg portion coupled to the expandable portion; 
wherein the outer drcumference of the expandable portion is greater than the 
20 outer drcumference of the remaining portion. 

5. The apparatus of claim 4. wherein the expandable portion indudes: 
one or nrK>re inward folds. 

25 6. The apparatus of dalm 4, wherein the expandable portion Indudes: 
one or more corrugations. 

7. The apparatus of dalm 1 , wherein the expandable shoe indudw: 
one or more inward folds. 

30 

8. The apparatus of dalm 1 , wherein the expandable shoe indudes: 
one or rnom corrugatior>s. 

g. A shoe, comprising: 
35 an upper annular portion; 

an Intermediate annular portion coupled to the upper annular portion; and 
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a lower annular portion coupled to the intermediate portion; 

wherein the intermediate annular portion has an outer drcumference that is 

larger than the outer drcumferenoes of the upper and tower annular 

portions. 

5 

10. The shoe of dainn 9, wherein the lower annular portion indudes a valveable fluid 
passage for controUing the flow of fluidic materials out of the shoe. 

1 1 . The shoe of daim 9, wherein the intermediate portion indudes: 
10 one ornDore inward folds. 

1 2. The shoe of daim 9, wherein the intermediate portion indudes: 
one or more corrugations. 

15 1 3. A method of forming a welitxxe casing in a subterranean formation having a 
preexisting welibore casing positioned In a borehole, comprising: 

Installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portton of the shoe by injecting a fluidic material 
into the shoe; and 

20 radially expanding at least a portion of the tubular liner by injecting a fluidic 

rnaterial into the torehole below the expansion cone. 

14. The method of daim 13. furth^ comprising: 
radially expanding the expansion cone. 

25 

15. The method of daim 1 3, further comprising: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

30 16. Themethodof daim 15, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic nDaterial Into the borehde below the radially expanded 
expansion cone. 



35 17. 



The method of daim 13, further comprising: 
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injecting a hardenable fluldic sealing material into an annulus between the 
tubular liner and the bcsfehole. 

1 8. The nnethcxi of claim 1 3, further comprising: 

5 radially expanding at least a portion of the preexisting wellbore casing. 

19. The method of daim 18, further comprising: 

overiapping a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore casing. 

10 

20. The method of daim 19. wherein the inside diameter of the radially expanded 
tubular liner te substantially equal to or greater than the inside diameter of a 
nonoveriapping portion of the preexisting wellbore casing. 

15 21. The method of daim 18, further comprising: 
applying an axial force to the expansion cone. 

22. The nrathod of daim 13. wherein the Inside diameter of the radially expanded 
shoe is greats than or substantially equal to the inside diameter of the radially 

20 expanded tubular liner. 

23. An apparatus for fonming a wellbore c^ing in a subterranean formation having a 
preexisting wellbore casing positioned in a borshole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

nnaterial into the shoe; and 
means for radially expanding at least a portion of the tubular liner by Injecting a 

fluidic material into the borehole below the expansbn cone. 

30 

24. The apparati^ of daim 23, further comprising: 
means for radially expanding the expansion cone. 
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25. 



The apparatus of daim 23, further comprising: 

means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 
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10 



means for radially expanding the expansion oone. 

26. The apparatus of daim 25, further comprising: 

means for injecting a fluidic material into the t>orehole below the rad»liy 
expanded expansion cone. 

27. The apparatus of daim 23» further comprising: 

medns for injecting a hardenabte fluidic sealing material into an annulim 
between the tubular liner and the borehole. 

28. The apparatus of daim 23, further comprising: 

means for radially expanding at least a portion of the preexisting wellbore 
casing. 



15 29. The apparatus ofdalm 28, further comprising: 

means for overiapping a portion of the radially expanded tubular liner with a 
portion cf the preexisting wellbore casing. 

30. The apparatus of daim 29, wherein the inside diameter of the radially expanded 
20 tubular liner is substantially equal to the Inside diameter of a nonoverlapping portion of 

the preexisting wellbore casing. 

31. The apparatus of daim 28, further comprising: 

means for applying an axial force to the expansion cone. 

25 

32. The apparatus of daim 23. wherein the inside diameter of the radially expanded 
shoe Is greater ttian or substantially equal to the inside diameter of the radially 
expanded tubular liner 

30 33. An apparatus for forming a wellbore casing ^^in a subterranean fomnation 
Induding a preexisting wellbore casing positioned in a borehole, comprising: 
a tubular liner, and 

means for radially expanding and coupling ttie tubular liner to an overiapping 
portion of tiie preexisting wellbore casing; 
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wherein the inside diarmter of the radially expanded tubular liner Is 

substantially equal to the inside diameter of a non-overtapping portion of 
the preexisting wellbore casing. 

5 34. A wellbore casing positioned in a borehole within a subterranean formation, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overlapping with the first wellbore 
casing; 

1 0 wherein the second wellbore casing is coupled to the first wellbore casing by 

the process of: 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially e)q>anding at least a portion of the shoe by injecting a fluidic 
15 material into the shoe; and 

radially expanding at least a portion of the second wellbore casing by 

ir^ecting a fluidic material into the borehole below the expansion 

cone. 

20 35. The wellbore casing of daim 34, wherein the process further comprises: 
radially expanding the expansion cone. 

36. The wellbore casing of daim 34, wherein the process further comprises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 

25 radially expanding the expansion cone. 

37. The wellbore casing of daim 36, wherein the process further comprises: 
radially expanding at least a portion of the shoe and the seoond wellbore casing 

by injecting a fluidic material into the borehole below the radially 
30 expanded expansion oone. 

38. The wellbore casing of daim 34, wherein the process further comprises: 
Injecting a hardenable fluidic sealing material into an annulus between the 

second wellt>ore casing and the borehole. 

35 

39. The wellbore casing of daim 34, wherein the process further comprises: 
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radially expanding at least a portion of the first wellbore casing. 

40. The weiibore casing of dalm 39, wtierein the process further comprises: 

overlapping a portion of the radially expanded second wellbore casing with a 
portion of the first wellbore casing. 

41 . The wellbore casing of daim 40, wherein the inside diameter of the radially 
expanded second wellbore casing is substantially equal to the inside diameter of a 
nonoverlapping portion of the first wellbore casing. 

42. The wellbore casing of dalm 39, wherein the process further comprises: 
applying an axial force to the expansion cone. 

43. The wellbore casing of daim 34, wherein the inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second wellbore casing. 

44. A method of forming a tubular structure in a subterranean fonmation having a 
preexisting tubular member positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fiuidic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluldic 
material into the borehde below the expansion cone. 

45. The method of daim 44, further comprising: 
radially expanding the expansion cone. 

46. The iTtethod of daim 44, further comprising: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

47. The method of daim 46, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fiuidic material into the borehole below the radially expanded 
expansion cone. 
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48. The method of daim 44, further comprising: 

injecting a hardenable fluidic seating material into an annulus t)etween the 
tubular liner and the borehole. 

5 

49! The method of daim 44, further comprising: 

radially expanding at least a portion of the preexisting tubular member. 

50. The method of daim 49, further comprising: 
1 0 overlapping a portion of the radially expanded tubular liner with a pcxtion of the 

preexisting tubular member to provide a load bearing Interfece and a 
fluidic seal. 



51 . The method of daim 50, wherein the inside dianrreter of the radially expanded 

1 5 tubular liner is substanfially equal to the Iriside diameter of a, nonoveriapping portion of 
the preexisting tubular member. 

52. Themethodof daim 49, further comprising: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparatus for fomning a tubular structure In a subten^nean formation having a 
preexisting tubular member positioned In a borehole, comprising: 

means for Installing a tubular liner, an expansion cone, and a shoe in the 
borehole; 

nrieans for radially expanding at least a portion of the shoe; and 
30 means for radially expanding at least a portion of the tubular liner. 

55. The apparatus of daim 54, further comprlsirtg: 

means for radially expanding the expansion cone. 

35 56. The apparatus of daim 54, further comprising: 
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means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion cone. 

5 57. The apparatus of daim 56. further comprising: 

means for Injecting a fluidlc material into the borehole below the radially 
expanded expansion cone. 

58. The apparatus of daim 54, further comprising: 

1 0 means for injecting a hardenable fluldic sealing material into an annulus 

between the tubular liner and the borehole. 

59. The apparatus of daim 54, further comprising: 

nteans for radially expanding at least a portion of the preexisting tubular 
15 member. 

The apparatus of daim 59, further comprising: 
meians for overtapping a portion of the radially expanded tubular Imer with a 
portion of the preexisting tubular member to provide a load bearing 
interface and a fluldic seal. 

61 . The apparatus of daim 60, wherein the inside diameter of the radially expanded 
tubular liner Is substantially equal to the inside diameter of a nonovertapping portion of 
the preexisting tubular number. 

25 

62. The apparatus of daim 59, further comprising: 

means for applying an axial force to the expansion cone. 

63. Theapparatusof daim 54, wherein the inside dianrieter of the radially expanded 
30 shoe is greater than or substantially equal to the inside diameter of the radially 

expanded tubular liner. 

64. An apparatus for forming a tubular strudura within a sut^rranean formation . 
ir^dudlng a preexisting tutnilar memt>er positioned in a borehole, comprising: 

* 35 a tubular linen and 



60. 
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means for radially expanding and coupling the tubular liner to an overlapping 

portion of the preexisting tubular member; 
wherein the Inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside diameter of a non-overlapping portion of 

the preexisting tubular member. 

65. A tubular stnjcture positioned in a borehole within a subterranean formation, 
comprising: 

a first tubular memt)er, and 

a second tubular member coupled to and overlapping yMh the first tubular 
member. 

wherein the second tubular member is coupled to the first tubular member by 
the process of; 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
radially expanding at least a portion of the second tubular member by 

injecting a fluidic material Into the borehole below the expansion 

cone. 

66. The tubular structure of daim 65, wherein the process further comprises: 

radially expanding the expansion oone. 

67. The tubular stmcture of daim 65, wherein the process further connprises: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion oone. 

68. The tubular stmcture of daim 67, wherein the process further comprises: 

radially expanding at least a portion of the shoe and the second tubular member 
by Injecting a fluidic material Into the borehole below the radially 
expanded expansion cone. 



69. 



The tubular stmcture of daim 65, wherein the process further comprises: 
injecting a hardenaUe fluidic sealing material into an annulus between ft\e 
second tubular menrtt)er and the borehole. 
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70. The tubular structure of daim 65, wherein the proems further comprises: 
radially expariding at least a porttofi of the first tubular rnernber. 

5 71 . The tubular structure of daim 70, wherein the process further comprises: 

overlapping a portion of the radially expanded second tubular member with a 
portion of the first tubular member. 

72. The tubular structure of daim 71 . wherein the inside diameter of the radially 
10 expanded secorxi tubular nnember is substantially equal to the Inside diameter of a 

nonovertapping portion of the first tubular member. 

73. The tubular structure of daim 70, wherein the process further comprises: 

applying an axial fbroe to the expansion cone. 

15 

74. The tubular structure of daim 65, wherein the Inside diameter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second tubular member. 

20 75. An apparatus for forming a wellbbre casing in a borehole located in a 
subterranean fbnmation induding a preexisting welibore casing, comprising: 
a support member induding a first fluid passage; 
an expandable expansion com coupled to the support member Induding a 
second fluid passage fluldtdy coupled to the first fluid passage; 
25 an expandable tubular liner movably couftod to the expansion cone; and 

an expandable shoe coupled to the expandable tubular Rner comprising: 

a valveable fluid passage for controlling the flow of fluldic materials out 

of the expandable shoe; 
an expandable portion Induding one ch- more inward folds; and 
30 a remaining portion coupled to the expandable portion; 

wherein the outer drcumference of the expandable portion is greater 
than the outer drcumference of the remaining portion. 

76. A shoe, comprising: 
35 an upper annular portion; 



40 

an intermediate annular portion coupled to the upper annular portion Including 

one or m(xe inward folds; and 
a lower annular portion coupled to the intermediate portion including a 

vah^able fluid passage for controlling the flow of fluidic materials out of 
5 the shoe; 

wherein the intermediate annular portion has an outer circumference that is 

larger than the outer circumferenoes of the upper and lower annular 

portions. 

10 77. A method of forming a wellt>ore casing in a subterranean fonmation having a 
pree)dsting weilt>orB casing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by Injecting a fluidic material 
into the shoe; 

15 lowering the expanston cone into the radially expanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecHng a fluidic 
material into the borehole below the expansbn cone; and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting wellbore casing; 

v^ierein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the Inside diameter of the radially expanded 
tubular liner; and 

wherein the inside dianieter of the radially expanded tubular liner is 
25 substantially equal to or greater ttian the inside dianieter of a nohovertapping 

portion of the preexisting wellbore casing. 

78. An apparatus for forming a wellbore casing in a subterranean fonnation having a 
preexisting wellbore casing positioned in a b(xehoie, comprising: 
30 means for installing a tubular liner, an expansion cone, and a shoe in Vhs 

borehole; 

means for radially expanding at least a portion of the shoe by injecting a fluidic 

mat^al Into tiie shoe; 
means for lowering the expansion cone into the radially expanded portion of ttie 
35 shoe; 

means for radially expanding ttie expansion cone; 
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means for radially expanding at least a portion of the tubular liner by Injecting a 
fluidic material into the borehole below the radially expanded expansion 
cone; 

nneans for radially expanding at least a portion of the preexisting wellbore 
5 casing;and 

means for overiapping a portion of the radially expanded tubular liner with a 

portion of the preexisting wellbore casing; 
wherein the inside diameter of the radially expanded shoe is greater than or 

substantially equal to the Inside diameter of the radially expanded 
10 tubular linen and 

wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the Inside diameter of a nonoverlapping portion of 

the preexisting wellbore casing. 

15 79. A wellbore casing positioned in a b(mhole witMn a subtenranean formation, 
comprising: 

a first wellt)ore casing; and 

a second wellbore casing coupled to and overiapping with the first wellbore 
casing; 

20 wherein the second wellbore casing is coupled to the first wellbore casing by 

the pirocess of : 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of the shoe by injecting a fluidic 
25 material into the shoe; 

lowering the expar^ton cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion cf the second wellbore casing by 
30 injecting a fluidic material into the borehole below the radially 

expanded expansion cone; and 



overlapping a pc^on of the radially expanded second wellbore casing 
with a portion of the first Wellbore casing; 
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wherein the inside diameter of the radially expanded shoe is greater 
than or substantially equal to the Inside diameter of the radially 
expanded second wellbore c»ing; aruj 

wherein the inside diameter of the radially expanded second wellbore 
casing Is substantially equal to the inside diameter of a 
nonoverlapping portion of the first wellbore casing. 

80. A method fbmiing a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe Iri the borehole; 
radially expanding at least a pcxtion of the shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone Into the radially expanded portion of the shoe; 
radially expanding the expansion cone; 

nadially expanding at least a portion of the tubular liner by injecHng a fluidic 

material Into the borehole below the radially expanded expansion cone; 
ar>d 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing interface and a 
fluidic seal; 

wherein tte Inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 

tubular liner, and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting tubular member. 

81 . An apparatus for forming a tubular structure in a subterranean formation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for Installing a tubular liner, an expansion cone, and a shoe in the 
. borehole; 

means for radially expanding at least a portion of the shoe; 
means for lowering the expansion cone into the radially expanded portion of the 
shoe; 

means for radially expanding the expansion done; 

means for radially expanding at least a portion of the tubular liner; and 
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means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
interface and a fluidic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 
5 substantially equal to the Inside diameter of the radially expanded 

tubular linen and 

wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the ir^ide diameter of a nonoveriapping portion of 
the preexisting tubular memt)er. 

10 

82. A tubular structure positioned in a borehole within a subterranean formation, 
oompridng: 

a first tubularnf)ember; and 

a second tubular member coupled to and overiapping with the first tubular 
15 member, 

wherein the second tubular memt>er is coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

20 radially expanding at least a portion of the shoe by injecting a fluidic 

matertal into the shoe; 
lowering the expansion cone into the radially expanded portion of the 
shoe; 

radially expanding the expansion cone; 
25 radially expanding at least a portion of the second tubular member by 

injecting a fluidic material into the borehole below the radially 
expanded expansion cone; and 
overlapplr>g a portion of the radially expanded secorKi tubular memt>er 
with a portion of the first tubular memt)er; 
30 wherein the iriside diameter of the radially expanded shoe is greater 

than or sut>stantialty equal to the inside diameter of the radially 
expanded second tutujiar memt)er, and 
wherein the inside diameter of the radially expanded second tubular 
member is substantially equal to the Inside diameter of a 
35 nonoveriapping portion of the first tubular member. 
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